Arizona 2009 Envirothon Study Guide for SOILS
    1. What is biodiversity?
    2. When something natural or human caused happens to upset the biodiversity of an area what are the eventual ramifications?
    3. Understand how natural changes impact biodiversity, too hot or too cold, too little or much rain.
    4. How does biodiversity affect food supplies?
    5. How do greenhouse gasses affect the overall world temperature and impact biodiversity?
    6. When an ecosystem does implode, what next?
Soil Biodiversity

Soil biodiversity refers, in the main, to the diversity of life within the soil not necessarily to the different types of soil that are mapped by soil scientists. Another term that is commonly applied to life within the soil profile is Soil Quality or Soil Health. 

The term soil quality is used to assess the ability of a soil to:

1. Sustain plant and animal productivity and diversity; 

2. Maintain or enhance water and air quality; and, 

3. Support human health and habitation 

The underlying principle in the use of the term “soil quality” is that soil is not just a medium for growing plants; rather it is a living, dynamic and ever-so-subtly changing micro-environment.  A healthy soil as one that is:
1. In a state of  balance in terms of biological, chemical and physical properties; 

2. The soil is not degraded or in the process of being degraded. The soil is not causing negative off-site impacts such as erosion from a site being deposited on another site.
3. With each of its qualities cooperatively functioning such that the soil reaches its full potential and resists degradation; 

4. Providing a full range of functions (especially nutrient, carbon and water cycling) and in such a way that it maintains this capacity into the future. 

Soil health is the condition of the soil in a defined space and at a defined scale relative to a described benchmark. The definition of soil health may vary between users of the term as alternative users may place differing priorities upon the multiple functions of a soil. Therefore, the term soil health can only be understood within the context of the user of the term, and their aspirations for a soil, as well as by the boundary definition of the soil at issue.

Different soils will have different benchmarks of health depending on the “inherited” qualities, and on the geographic circumstance of the soil. The generic aspects defining a healthy soil can be considered in the following diagram.




“Productive” options are broad, that is the soil may support a wide variety of life; 

1. Life diversity is broad; 

2. Absorbency, storing, recycling and processing is high in relation to limits set by climate; 

3. Has a high infiltration rate and low runoff rates.

This translates to:

1. A comprehensive cover of vegetation; 

2. Carbon levels relatively close to the limits set by soil type and climate; 

3. Little leakage of nutrients from the ecosystem; 

4. Biological productivity relatively close to the limits set by the soil environment and climate; 

5. Soil erosion is within tolerances expected for its landscape position; 

6. No accumulation of contaminants; and, 

7. The ecosystem does not rely excessively on inputs of fossil energy 

An unhealthy soil thus is the simple converse of the above.

Soil biodiversity tends to be greater in forests compared to grasslands and in undisturbed natural lands compared to cultivated fields. However the number and types of organisms vary from one system and environment to another and this is strongly influenced by agricultural practices. It is recognized that soil biodiversity can be used as an indicator of soil quality and stable ecosystems.
1. Over 1000 species of invertebrates may be found in a single square meter of a  forest soil
2. Many of the world’s terrestrial insect species are soil dwellers for at least some stage of their life-cycle 

3. A single gram of soil may contain millions of individuals and several thousand species of bacteria. 

4. A typical, healthy soil might contains several species of vertebrate animals, several species of earthworms, 20-30 species of mites, 50-100 species of insects, tens of species of nematodes, hundreds of species of fungi and perhaps thousands of species of bacteria and actinomycetes. 

The community of soil organisms incorporates plant and animal residues and wastes into the soil and digests them, creating humus, the organic constituent so vital to good physical and chemical soil conditions as well as recycling carbon and mineral nutrients. This decomposition process includes the release of CO2 to the atmosphere where it can be recycled through higher plants and the release of essential plant nutrients in inorganic forms that can be absorbed by plant roots or leached from the soil. All soil organisms have important effects not only on soil properties but also on the functioning of the ecosystem.
1. Macrobiota, or organisms generally >2 mm in diameter and visible to the naked eye. These include vertebrates (snakes, lizards, mice, rabbits, foxes, badgers, moles and others) that primarily dig within the soil for food or shelter, and invertebrates that live in, feed in or upon the soil, the surface litter and their components (ants, termites, millipedes, centipedes, earthworms, caterpillars and the like.. 
Roots, although not generally considered soil organisms, grow mostly within the soil and have wide-ranging, long-lasting effects on both plant and animal populations’ above- and below-ground, and thus should be included among soil biota. 
2. Mesobiotaare organisms generally ranging in size from 0.1 to 2 mm in diameter. These include mainly micro-arthropods, such as pseudo-scorpions, protura, diplura, springtails, mites, small myriapods (pauropoda and symphyla) and the worm-like enchytraeids. Mesobiota have limited burrowing ability and generally live within soil pores, feeding on organic materials, microflora, microfauna and other invertebrates. 
3. Microbiota are the smallest organisms (<0.1 mm diam.) they are extremely abundant, ubiquitous and diverse. The microflora includes algae, bacteria, archaea, cyanobacteria, fungi, yeasts, myxomycetes and actinomycetes that are able to decompose almost any existing natural material. The microfauna includes nematodes, protozoa, turbellarians, tardigrades and rotifers that generally live in the soil water films and feed on microflora, plant roots, other microfauna and sometimes larger organisms (e.g., entomopathogenic nematodes feed on insects and other larger invertebrates). 

The beneficial effects of soil organisms on agricultural productivity and ecological functioning include: 

1. They break down matter which aids in soil aggregation; 

2. They breakdown o toxic compounds both metabolic by-products of organisms and agrochemicals; 

3. inorganic transformations that make available nitrates, sulphates, and phosphates as well as essential elements such as iron and manganese; 

4. nitrogen fixation into forms usable by higher plants. 

Many soil organisms are also detrimental to plant production. For example some moles and rodents may seriously damage crops, snails and slugs are serious pests as well as some ants, aphids and nematodes. As for microflora, bacteria and actinomycetes cause some plant diseases, but most damage is caused by fungi which account for most soil borne crop diseases such as wilts, root rot, and blight. Soil organisms may compete for nitrogen with higher plants and, under conditions of poor drainage, soil organisms may compete for limited oxygen. 

Although humans generally begin their influence on soil biodiversity with naturally-present communities at a particular site (resulting essentially from ecological and evolutionary forces), they also have the ability to introduce new organisms and, through imposition of different management practices, put selective pressures on the naturally-present or introduced soil biota. This provides the opportunity to manage soil organisms and their activities to enhance soil fertility and crop growth. In theory, probably enough is known to manage these communities, yet considerable basic and applied research is needed to reach appropriate levels of biological husbandry and optimal management of these biological resources. 
There are two discrete pools in which soil carbon is stored.

1. The soil’s microbial biomass and easily-decomposed plant residues that are cycled rapidly and in which carbon may reside for as little as a few weeks.

2. The pool in which carbon is more tightly held by physical encapsulation within soil aggregates (singular masses of coherent soil particles, or peds) or chemical complexing—here, carbon may reside for tens of thousands of years.

Soil Organic Carbon (SOC) refers to the amount of carbon stored in the soil—it is expressed as a percentage by weight (g C/kg soil). SOC is closely related to the amount of organic matter in the soil 

Soil carbon improves the physical properties of soil. It increases the cation exchange capacity (CEC) and water holding capacity of sandy soil and it contributes to the structural stability of clay soils by helping to bind particles into aggregates. Soil organic matter, of which carbon is a major part, holds a great proportion of nutrients, cations and trace elements that are of importance to plant growth. It prevents nutrient leaching and is integral to the organic acids that make minerals available to plants. It also buffers soil from strong changes in pH. It is widely accepted that the carbon content of soil is a major factor in its overall health.

Natural variations in soil organic matter (SOM) occur as a result of climate, organisms, parent material, time and relief. The greatest contemporary influence has been that of humans and agriculture. 
It has long been encouraged that farmers adjust practices to maintain or increase the organic component in the soil—on one hand, practices that hasten oxidation of carbon, such as burning crop stubbles or over-cultivation are discouraged; on the other hand, incorporation or organic material, such as adding animal waste has been encouraged. Increasing soil carbon is not a straightforward matter—it is made complex by the relative activity of soil biota, which can consume and release carbon and are made more active by the addition of nitrogen fertilizers.
Much of the contemporary literature on soil carbon relates to its role, or potential, as an atmospheric carbon sink to offset climate change. Despite this emphasis, a much wider range of soil and catchment health aspects are improved as soil carbon is increased. These benefits are difficult to quantify due to the complexity of natural resource systems and the interpretation of what constitutes soil health; nonetheless, several benefits are proposed in the following points:

1. Reduced soil erosion and sedimentation: increased soil aggregate stability means greater resistance to erosion; mass movement is less likely when soils are able to retain structural strength under greater moisture levels. 

2. Greater productivity: healthier and more productive soils can contribute to positive socio-economic circumstances. 

3. Cleaner waterways, nutrients and reduced turbidity: nutrients and sediment tend to be retained by the soil rather than leach or wash off, and are so kept from waterways. 

4. Water balance: greater soil water holding capacity reduces overland flow and recharge to groundwater; the water saved and held by the soil remains available for use by plants. 

5. Climate change: Soils have the ability to retain carbon that may otherwise exist as atmospheric CO2 and contribute to greenhouse warming. 

6. Greater biodiversity: soil organic matter contributes to the health of soil flora and accordingly, the natural links with biodiversity in the greater biosphere. 

    Human activities through their different management practices and technologies also exert an important influence on soil biota, their activities and diversity. Clearing forests or grasslands for cultivation drastically affects the soil environment and hence the number and kinds of soil organisms. In general the quantity and quality of plant residues and the number of species of higher plants is greatly reduced by clearing, therefore the range of habitats and foods for soil organisms is significantly reduced. Different types of agricultural practices and systems also greatly influence the soil biota. Through changing the physical and chemical environment the ratio of different organisms and their interactions is significantly altered by agricultural practices, for example, through adding lime, fertilizers and animal waste, through tillage practices, the use of pesticides and so forth. 

Agricultural practices can have significant positive and negative impacts. For example, high external-input agriculture can overcome specific soil constraints through the use of inorganic fertilizers, pesticides, and other amendments, in order to meet plant requirements. Although these practices have led to considerable increases in overall food production worldwide, they also tend to decrease or disregard the potential benefits of soil biological activities in maintaining soil fertility and enhancing plant production. Furthermore, the misuse or overuse of these practices has led to soil and environmental degradation 

Different groups of soil biota clearly influence soil properties and processes, including the soil building process, nutrient and water cycles and availability, decomposition, aggregation, porosity, and biological processes, 

Soil biodiversity reflects the mix of living organisms in the soil. These organisms interact with one another and with plants and small animals forming a web of biological activity. 

Soil is by far the most biologically diverse part of Earth. The soil food web includes beetles, springtails, mites, worms, spiders, ants, nematodes, fungi, bacteria, and other organisms. These organisms improve the entry and storage of water, resistance to erosion, plant nutrition, and break down of organic matter. A wide variety of organisms provides checks and balances to the soil food web through population control, mobility, and survival from season to season. 
Soils and Agriculture

Diversity is beneficial for several reasons. 
1. Each plant contributes a unique root structure and type of residue to the soil. 
2. A diversity of soil organisms can help control pest populations, and a diversity of cultural practices can reduce weed and disease pressures. 
3. Diversity across the landscape can be increased by using buffer strips, small fields, or contour strip cropping.
4.  Diversity over time can be increased by using long crop rotations. Changing vegetation across the landscape or over time not only increases plant diversity, but also the types of insects, microorganisms, and wildlife that live on farms and ranches. 
Cultivation - The effects of cultivation depend on the depth and frequency of the cultivation. Tilling to greater depths and more frequent cultivations has an increased negative impact on all soil organisms. No-till, ridge tillage, and strip tillage are the most compatible tillage systems that physically maintain soil organism habitat and biological diversity in crop production. Avoid excessive tillage: Reducing tillage minimizes the loss of organic matter and protects the soil surface with plant residue. Tillage is used to loosen surface soil, prepare the seedbed, and control weeds and pests. But tillage can also break up soil structure, speed the decomposition and loss of organic matter, increase the threat of erosion, destroy the habitat of helpful organisms, and cause compaction. New equipment allows crop production with minimal disturbance of the soil.
Compaction - Soil compaction reduces the larger pores and pathways, thus reducing the amount of suitable habitat for soil organisms. It also can move the soil toward anaerobic conditions, which change the types and distribution of soil organisms in the food web. Gaps in the food web induce nutrient deficiencies to plants and reduce root growth. Compaction reduces the amount of air, water, and space available to roots and soil organisms. Compaction is caused by repeated traffic, heavy traffic, or traveling on wet soil. Deep compaction by heavy equipment is difficult or impossible to remedy, so prevention is essential. 

Pest control - Pesticides that kill insects also kill the organisms carried by them. If important organisms die, consider replacing them. Plant-damaging organisms usually increase when beneficial soil organisms decrease. Beneficial predator organisms serve to check and balance various pest species. Herbicides and foliar insecticides applied at recommended rates have a small impact on soil organisms. Fungicides and fumigants have a much greater impact on soil organisms. An important function of soil is to buffer and detoxify chemicals, but soil's capacity for detoxification is limited. Pesticides and chemical fertilizers have valuable benefits, but they also can harm non-target organisms and pollute water and air if they are mismanaged. Nutrients from organic sources also can pollute when misapplied or over-applied. Efficient pest and nutrient management means testing and monitoring soil and pests; applying only the necessary chemicals, at the right time and place to get the job done; and taking advantage of non-chemical approaches to pest and nutrient management such as crop rotations, cover crops, and manure management. 

Fertility - Fertility and nutrient balances in the soil promote biological diversity. Typically, carbon is the limiting resource to biological activity. Plant residue, compost or humus, and manure provide carbon. Compost also provides a mix of organisms, so the compost should be matched to the cropping system. 

Cover crops and crop rotations - The type of crops that are used as cover or in crop rotations can affect the mix of organisms that are in the soil. They can assist in the control of plant pests or serve as hosts to increase the number of pests. Different species and cultivars of crops may have different effects on pests. However, the organisms and their relation to the crop are presently not clearly understood. 

Crop residue management - Mixing crop residue into the soil generally destroys fungal hyphae and favors the growth of bacteria. Since bacteria hold less carbon than fungi, mixing often releases a large amount of carbon as carbon dioxide (CO2). The net result is loss of organic matter from the soil. 

When crop residue is left on the soil surface, primary decomposition is by arthropod shredding and fungal decomposition. The hyphae (a long, branching filamentous cell of a of fungi) can extend from below the soil surface to the surface litter and connect the nitrogen in the soil to the carbon at the surface. Fungi maintain a high C:N ratio and hold carbon in the soil. The net result is toward building the carbon and organic matter level of the soil. In cropping systems that return residue, macro-organisms are extremely important. Manage the soil to increase their diversity and numbers. 

 Bare soil is susceptible to wind and water erosion, and to drying and crusting. Ground cover protects soil, provides habitats for larger soil organisms, such as insects and earthworms, and can improve water availability. Ground can be covered by leaving crop residue on the surface or by planting cover crops. In addition to ground cover, living cover crops provide additional organic matter, and continuous cover and food for soil organisms. Ground cover must be managed to prevent problems with delayed soil warming in spring, diseases, and excessive build-up of phosphorus at the surface. 

	Functional Group
	Effects on soil function
	Effects on biodiversity
	Effects on plant production

	Roots
	Aggregation, porosity, water and nutrient cycles, plant production, soil organic matter availability, soil biological activity
	Selection pressures on rhizo-sphere microorganisms, associated food webs and root feeders
	Absorption of nutrients and water, production of signals and hormones which regulate plant growth

	Ecosystem engineers
	Bioturbation (regulation of soil physical properties and processes), dynamics of soil organic matter, nutrient cycling, soil biological activity
	Selection pressures on litter transformers and microbiota, mutualisms with microflora, dissemination of organisms
	Positive or negative direct and indirect effects on root and shoot biomass and seed banks

	Litter transformers
	Nutrient mineralization, organic matter protection and decomposition (some bioturbation) 
	Selection pressures on microflora
	Mostly indirect effects

	Phytophages and Plant parasites
	Some bioturbation
	Selection pressures on plants
	Negative

	Micropredator foodweb
	Nutrient mineralization
	Selection pressures on microflora
	Mostly indirect effects

	Microflora: 
Symbionts, plant growth promoters, pathogens, nutrient cyclers, biocontrol agents
	Aggregation, decomposition rates, biodegradation of toxic materials, nutrient cycles and availability, biocontrol 
	Selection pressures on plants and other soil biota (exerted mostly by pathogens and mutualists)
	Positive or negative direct and indirect effects on plant biomass
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What is soil biodiversity?

Soil biodiversity reflects the mix of living organisms in the soil. These organisms interact with one another and with plants and small animals forming a web of biological activity.

Soil is by far the most biologically diverse part of Earth. The soil food web includes beetles, springtails, mites, worms, spiders, ants, nematodes, fungi, bacteria, and other organisms. These organisms improve the entry and storage of water, resistance to erosion, plant nutrition, and break down of organic matter. A wide variety of organisms provides checks and balances to the soil food web through population control, mobility, and survival from season to season.
What are the benefits of soil organisms?

Residue decomposition. Soil organisms decompose plant residue. Each organism in the soil plays an important role. The larger organisms in the soil shred dead leaves and stems. This stimulates cycling of nutrients. The larger soil fauna include earthworms, termites, pseudoscorpions, microspiders, centipedes, ants, beetles, mites, and springtails. When mixing the soil, the large organisms bring material to smaller organisms. The large organisms also carry smaller organisms within their systems or as “hitchhikers” on their bodies. Small organisms feed on the by-products of the larger organisms. Still smaller organisms feed on the products of these organisms. The cycle repeats itself several times with some of the larger organisms feeding on smaller organisms. Some larger organisms have a life span of two or more years. Smaller organisms generally die more quickly, but they also multiply rapidly when conditions are favorable. The food web is therefore quick to respond when food sources are available and moisture and temperature conditions are good. Infiltration and storage of water Channels and aggregates formed by soil organisms improve the entry and storage of water. Organisms mix the porous and fluffy organic material with mineral matter as they move through the soil. This mixing action provides organic matter to non-burrowing fauna and creates pockets and pores for the movement and storage of water. Fungal hyphae bind soil particles together and slime from bacteria help hold clay particles together. The water stable aggregates formed by these processes are more resistant to erosion than individual soil particles. The aggregates increase the amount of large pore space which increases the rate of water infiltration. This reduces runoff and water erosion and increases soil moisture for plant growth.

Disturbance of ecosystems - Each of the world's ecosystems consists of a community of animals, plants and microorganisms and the sunlight, air, water, soil and minerals they need to survive. These systems exist in balance. Each component of the system has a special role. Any disruption of the balance can cause a ripple of disruptions, threatening parts of the entire ecosystem. 

Pollutants dumped into the air, soil or water, introduction of nonnative species and atmospheric warming (the greenhouse effect) can harm biodiversity. 

Destruction of habitat - Portions of ecosystems or entire ecosystems can be destroyed through the conversion of natural land and sea areas to other uses. This loss of animal and plant habitat leads directly to the loss of species. The conversion of Canadian wetlands to agricultural land is a good example of habitat destruction and loss of biodiversity. 

Over-exploitation of animal and plant species - Many species are gathered by humans for fun, food, sources of medicine and raw materials for industry. Unwise use or over-exploitation can threaten the continued viability of individual species. 

Agricultural and forestry practices - Today's farmers tend to cultivate a limited number of high-yield crop varieties and raise a limited number of breeds of livestock. Older varieties are in danger of disappearing as a result. These modern systems replace a more diverse natural ecosystem. 

Exotic animals - These species are endangering the biodiversity of the North American continent. Exotic species -from non-native fish to various plants, bugs and shellfish - have found their way into the country in numerous ways, such as by clinging to ships, burrowing into wooden shipping crates, in food, aboard aircraft or in water discharged from foreign freighters. Dan Glickman Secretary of the U.S. Department of Agriculture said. “These unwanted pests threaten to wreak major economic and environmental havoc unless they are brought under control or kept out of the country altogether.”

Is biodiversity important? Everything that lives in an ecosystem is part of the web of life, including humans. Each species of vegetation and each creature has a place on the earth and plays a vital role in the circle of life. Plant, animal, and insect species interact and depend upon one another for what each offers, such as food, shelter, oxygen, and soil enrichment. 

Maintaining a wide diversity of species in each ecosystem is necessary to preserve the web of life that sustains all living things. In his 1992 bestseller, "The Diversity of Life," famed Harvard University biologist Edward O. Wilson -- known as the "father of biodiversity," -- said, "It is reckless to suppose that biodiversity can be diminished indefinitely without threatening humanity itself." 

Protecting biodiversity is not free, saving animal and plant species can cost humans money, jobs, and even change the way we live. Recently several species of salmon which live in the Northwest U.S. were placed on the endangered species list. These fish are now protected by Federal regulations which will change the way the people in that area live. Decisions such as these can be made within a Cost/Benefit analysis framework. What is the cost to save an endangered species? What is the benefit in saving an endangered species? These are decisions you will have to make about your and your childrens' lives.

If we are to understand how we are changing the world's biodiversity, we must understand what biodiversity exists. Decisions must be made based scientific knowledge of the nature and importance of the biodiversity that surrounds us.

Soil acidity (or alkalinity) refers to the concentration of hydrogen ions (H+) in the soil. Measured on the pH scale, soil acidity is an invisible condition that directly affects soil fertility and toxicity by determining which elements in the soil are available for absorption by plants. Soil acidity increases (soil acidification) by: removal of agricultural product from the paddock, leaching of nitrogen as nitrate below the root zone; inappropriate use of nitrogenous fertilizers and build up of organic matter (Slattery & Hollier, 2002). Many of Victoria’s soils are naturally acidic, however about 30,000 square kilometres or 23% of Victoria’s agricultural soils suffer reduced productivity due to increased acidity (Slattery & Hollier 2002).

Soil acidification has an impact on of soil biodiversity. It reduces the numbers of most macrofauna including, for example, earthworm numbers (important in maintaining structural quality of the topsoil for plant growth). Also affected is rhizobium survival and persistence. Decomposition and nitrogen fixation may be reduced which affects the survival of native vegetation; biodiversity may further decline as certain weeds proliferate under declining native vegetation (Slattery & Hollier 2002; Hollier & Reid 2005).

In strongly acid soils the associated toxicity may lead to decreased plant cover, leaving the soil susceptible to erosion by water and wind. Extremely low pH soils may suffer from structural decline as a result of reduced microrganisms and organic matter – this brings a susceptibility to erosion under high rainfall events, drought and agricultural disturbance (Slattery & Hollier, 2002)

Soil sodicity refers the content of sodium in the soil compared to other cations, for example calcium. Sodium tends to cause soil particles to repel rather than attract to each other and are called sodic. Sodicity may be increased due to irrigation with water that is high in salt. For example the water from the Salt River or the Colorado River is high in sodium.. Increasing sodicity leads to soil structure decline, hard-setting of soils in dry conditions, erosion; all conditions that are detrimental to soil fertility, health and biodiversity.

Soil salinisation is the concentration of salt within the soil profile or on the soil surface. Excessive salt directly affects the composition of plants and animals due to varying salt tolerance – along with various physical and chemical changes to the soil including structural decline and in the extreme, denudation, exposure to soil erosion and export of salts to waterways. Soil salinity has localized and regional effects on biodiversity, ranging for example, from changes in plant composition and survival at a local discharge site through to regional changes in water quality and aquatic life.

Soil erosion leads to a loss of topsoil, organic matter and nutrients; it breaks down soil structure and decreases water storage capacity, in turn reducing fertility and the availability of water to plant roots. Soil erosion is therefore a major threat to biodiversity (NSW Government, 2006

http://soils.usda.gov/sqi/publications/files/soilbiolandmgt.pdf
“We abuse land because we regard it as a commodity belonging to us. When we see land as a community to which we belong, we may begin to use it with love and respect.”

  Aldo  Leopold 
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